
alators↓ Day 18.
T

.Schrdinger Equalio (ct.)

The Hamiltonian operator :
-

Classically Hamiltonian is a function

of coordinates
,
momenta and time

H = H([a , 03t) -D
For a N-particle system , in most cases,

-

it is convenicully written as a sum of
the total kinetic energy of liv system

--and the total polenhal every. The latter--

can arose from both ruleinal interactions
and interactions with external forces/field,

H = T((psy + v(993, 7)_②
T =[ -
V = V (593)+ Next (is i)

④
(We will see atleast one noteable exceptio
to this later in the course)



Written as inQ the Hamiltonian
-

&

tracks the instantaneous total energy
of She system. Note thatg'

&

coordinates thatrepresent generalized
are not

-

ii Cartesian
& recerearly -

coordinates of the particles. The momenta

Eps are correspondingly generalized
as well

To keep matters simple, we will&

initially only focus On Cartesian coordinates
and mementa & usery postulati 2, we
can promote ③ to a Q .M · orerator
as : Emi + V([3, t)

-
In anology with its identity in
classical mechanic, ⑭ can be thought
of as the total energyoperator.

Ndi Heat et= - is . Hermitian



Postulate 6 : The time evolution of a
-

state of a (quantium) system is
determined by the relation :

it OlIC) = F(t) (F(t)]
T

Here(EC) is presumed to

Oz

at all times
↳ ⑤be normalized

⑦ is called the (time-dependent)
Schrodinger Equation , after its
aultor E. Schrdinger. (TDSE)

Usually, we know the state we have
prepared this eplin in . Let's call this
as 15 (t=+ = (E(0) .-
·⑰ is a first-order differential equation
in time , this are initial condition

is sufficient to solve , in
principle I



****

An aside on differential equali
--
-

An equation of the form

pay =f

where a<b ER

yep(x) = dy(x) , where YER.
Tas

(St y
*
(x) = y(x))

is called a linear differential equation-
-

If u is the highest order derivative
for which the corresponding function
p() to , then His equation i
said to be of order.-
All the functions [p(as] , ful are
presumed to be defined on the
open interval x (a, b).



If we define His differential
operator j

= Pj(a) d -
thim ① is also written as

[ y(a) = f(x) -③

In such a case, since

& (y , +yz) =y , + 2 yz

I -> linearoperator,
⑭

hence the him linear D .E.

We offen encounter initial value
problems where the value of the

function y(u) along with that of its
& -

dervalues is known at some point
No .

We then desire to determine

the for glas which satisfies these
Tinitial condition & e9.0



:xcluice uniquea
&

will we auxiliary conditions :
y(s)(20) = 2j , jo, n , if

[Pj3j0n and f(x) are reat,

finite, single-valued and continuous
& - thein some region surroundry

- -

point (o, 70) thie there is
one and only one solution to
the LDE . in an interval-hecoth

lying within the region.

Thus, the existence & uniquesses of a
- & -

solute , given a set of initial
conditions

,
can be guaranteed.



Let us specialize to liv case of
und order LDE . That is , with

M

C = Pz(a) y "(x) +p, (x)y'(x)
+Po(z)y(x)=f(x)
-

so that yln) = flu)-6

HomogenousL. D.E: The equation
I

y(a) = 0 - ⑤
is called a homogeneous LDE.

Theorem 2 : If Y, (2) is a solution to
=⑤ inen so is <y , (2)
where CeK.

Theorem 3· If Y, () &Y2() are any 2 solutions
-
-

-

of ⑤ then so is <, Y , (2)+CY2(n)
C ,CEK .



This is just the principle of supposition
-

of solutions.

Note that since ⑤ is not
&

accompanied by auxillary condition,
it is possible to find multiple
solutieus.

However, it
tims cut that it is

possible to generate all possible
- -

solutions from just a few basic me.
The solution to ⑤ all form a
lineal vector space over complex fields.
So it is possible to ask how

&
-

many unearly independent
solutions

can we find at most. This number,isS
of course , the dimension of the

T

solubor space .



Theorem 4 : There are n linearly
- &

independent solutions possible for
a with order homogeneous L .D .E .

-

The general solution tole L. D .E. is
&

then of his form :

yy(x) = <, Y ,() +C2yz(k)+...+nYu)
-6

whereYi(x)]=1n are a
set of2 1 .% solution.

(i.iyi(u) = 0 => xi =0 (Vi=I,n
isKie only

&
solution

Linear independence -

can be checked by computery
the worskian :

Y ,
W() 2YI i I

y(n+)M .y



The functions are L-I-if and only if
W(x) #O for some

xe(a, b)
deatwher

solution is sought

: For a Indorder Homogeneous L.D.E.
there are at most two lineallyT

independent solutions.


